1. Introduction {#s0005}
===============

Biotinidase deficiency (BTD) is a late-onset form of multiple carboxylase deficiency (LMCD; OMIM [253260](253260){#ir0005}), an inborn error of biotin metabolism. The disorder is inherited as an autosomal recessive trait, and more than 150 mutations in the *BTD* gene have been identified. Pathogenic mutations lead to either reduced or absent biotinidase activity [@bb0005]. This enzyme (EC 3.5.1.12) is involved in the reutilization of biotin, a necessary nutrient required for multiple biotin-dependent metabolic processes. Biotinidase removes biotin from biocytin, a complex of biotin and carboxylase enzymes, and makes it available to be reused by other enzymes.

Prevalence of BTD is estimated to be 1/61,000 in European population [@bb0010], [@bb0015]. Biotinidase deficiency is classified into early and late forms. In the early form the symptoms appear within the first few months of life. Unless treated, individuals develop seizures, breathing difficulties, hypotonia, skin rash, alopecia, hearing loss, delayed development and elevated serum lactic acid [@bb0020], [@bb0025]. Patient\'s urinary organic acids (GC/MS) analysis shows an excretion of 3-hydroxyisovaleric acid and 3-hydroxypropionic acid. Their plasma biotin concentration is decreased, however, it can be normal in early forms [@bb0030]. Ketolactic acidosis and mild hyperammonemia may also be present. Patients with partial BTD (10% to 30% of mean normal BTD activity) may be asymptomatic.

The aim of this study was to assess the clinical outcomes and efficacy of oral biotin supplementation introduced in various disease stages in the group of 22 Polish patients who have been followed-up for the period of time of 1--20 years.

2. Patients and methods {#s0010}
=======================

Since 1991, 22 Polish paediatric patients from 19 families have been diagnosed with BTD. In 16 individuals, BTD was suspected because of: skin lesions, hyperventilation, seizures, spasticity, and lactic acidosis. The diagnosis was then confirmed by serum biotinidase activity measurement with quantitative colorimetric assay (with N-biotinyl-p-aminobenzoate, B-PABA, as the substrate) [@bb0035]. Apart from the enzymatic studies, patients were also tested for the presence of mutations in the *BTD* gene.

Sanger sequencing was used for the analysis of the whole coding region of *BTD* gene to detect both common and rare mutations in this gene. The results were processed with the Mutation Surveyor® software (the analyses were performer at MedGen Laboratory, Warsaw, Poland). Four children were identified by family screening ([Table 1](#t0005){ref-type="table"}).Table 1Study group characteristics, n = 22.Patient\'s ref. no.Age at diagnosis (S/P)Serum lactic acid normal values (0--20 mg/dlGC/MSSerum BT activity normal range: 6--12 (nmol/min/ml)HearingOptic nerve atrophyPartial (10--30% activity) profound (\< 10% BT activity)Mutation in allel 1Mutation in allel 2Follow-up (years)1.36 months (S)48+0.09LNProfoundp.Cys33PhefsTer36c.1052delCfs202.3 months (S)Lack of data+0.5LLProfoundp.Cys33PhefsTer36p.Gly313SerLack of data3.21 months (S)18.8--54.9+4.17NNPartialLack of data--74.14 months (S)33−NNp.Arg79Cysp.Arg79Cys85.3 years (S)Lack of data+1.63NNPartial----16.14 months (S)18.6+0.00NNProfoundp.Thr532Metp.Thr532Met17.18 months28--61+6.69NNPartial----28.36 months (S)28--60.2−0.13Lack of dataLack of dataProfoundp.Gly45Argp.Asp444His29.54 months (S)Lack of data−0.05NNProfound----210.5 months (S)29--37,8+0.068LLack of dataProfoundp.Asp444Hisp.Asp444His211.7 years (S)Lack of data+0.25NNProfound----912.10 months (S)32--46+0.14NNProfoundp.Arg538Cys--1013.36 months (S)24−0.85NNPartialp.Leu215Phep.Leu215Phe2014.4 years (S)13+0.44NLProfoundp.Leu215Phep.Leu215Phe2015.6 months (S)77.3--95.8+0.74LLPartialp.Leu215Phep.Leu215Phe2016.7 months (S)+LLp.Leu215Phep.Leu215Phe2017,Newborn (Canadian newborn screening (P))Lack of data−0.0NNProfoundp.Cys33PhefsTer36p.Tyr438Cys2018.Newborn (Turkish newborn screening (P))Lack of data+0.73NNPartial----2019. Sibling to 514 years (P)14+1.96LLPartial----1520. Sibling to 43 months (P)nd−0.0Lack of dataLProfound----1721.2 months (P)14−6.0Lack of dataLPartial----622. Sibling to 1015 months (P)Lack of data−0.24NLProfound3.5[^1]

The study was approved by the Ethics Committee of the Children\'s Memorial Health Institute. An informed consent from parents or guardians of the patients undergoing molecular investigation was obtained.

All patients were treated with oral biotin supplementation. Symptomatic children received an initial dose of 20 mg/daily gradually reduced to 5 mg. Asymptomatic patients received the treatment with a dose of 5 mg a day ([Table 1](#t0005){ref-type="table"}). Urine organic acid analysis (GC/MS) for 3-hydroxizovaleric acid was used for patients\' monitoring. Neurological, audiological and ophthalmological evaluation was performed once a year. Hearing assessment included impedant audiometric tests, tympanometry and auditory brainstem response (ABR) assessment. A direct ophthalmoscopy was performed to assess patient\'s vision.

3. Results {#s0015}
==========

Median age of diagnosis in symptomatic patients was 14 months (3 months--14 years).

Median age of symptoms onset was 10 months (3 m--4 years). As soon as the diagnosis of BTD was established the treatment with oral biotin was administered.

In most symptomatic patients rapid improvement in psycho-motor skills was observed after biotin initiation. There were two patients who needed rehabilitation due to significant hypotonia and walking disorders. In all patients with skin involvement, the rash disappeared. Most patients exhibited behavioural disorders and slight intellectual retardation even following the treatment.

A progressive optic nerve atrophy had already been noted at the time of treatment initiation. In these individuals, however, no further optic deterioration was observed when the treatment had been introduced. In all symptomatic patients sensorineural hearing loss did not reverse despite biotin supplementation, however no progression was observed either. Alopecia, which is considered to be a common and characteristic feature of BTD was found 4 patients (18.2%). Asymptomatic patients, who began the treatment with oral biotin did not present with any signs nor symptoms of BTD.

Twelve patients had profound biotinidase activity (\< 10% BT activity) and all of them were symptomatic. Among 10 patients with partial BT activity, 5 exhibited symptoms of BTD ([Table 1](#t0005){ref-type="table"}).

Molecular analysis has demonstrated that the most common mutation in the analysed group was p.Leu215Phe mutation. It was found in homozygous state in 4 individuals (patient\'s reference Nos.: 13, 14, 15, 16) who were not related but lived in the same region of Poland (North-Eastern Poland). Homozygosity for other mutations was found in 3 patients (patient\'s reference Nos.: 4, 6, 9,), namely for the mutations: p.Arg79Cys, p.Thr532Met and p.Asp444His. Four individuals were compound heterozygotes with the following genotypes: p.Cys33PhefsTer36/c.1052delCfs; Cys33PhefsTer36/p.Gly313Ser; p.Cys33PhefsTer36/p.Tyr438Cys; p.Gly45Arg/p.Asp444Hist (patient\'s reference Nos.: 1, 2, 17, 21). In 11 patients either no mutation or mutation in 1 allele was found. In patients with most common p.Leu215Phe mutation, hearing loss was present in 2 individuals (15,16), and optic atrophy was present in 3 of them (14,15,16) ([Table 1](#t0005){ref-type="table"}). Molecular and clinical data of patients ref. Nos. 1, 2, 17 have already been published in 2002, in the report by Wolf et al. on seventeen novel mutations causing profound biotinidase deficiency [@bb0040].

4. Discussion {#s0020}
=============

Biotinidase deficiency is one of these inborn errors of metabolism in which we can either alleviate the existing symptoms or prevent their occurrence if the biotin treatment is introduced in the presymptomatic stage of the disease. Therefore, early diagnosis during presymptomatic period is crucial. According to literature treatment with oral biotin administration reversed symptoms such as alopecia, skin rash, ataxia, and developmental delay [@bb0045]. In our study group supplementation with biotin, slowed disease progression in symptomatic patients, while treated asymptomatic individuals did not develop clinical signs. In our 5 symptomatic patients with optic nerve atrophy and sensorineural hearing loss present at the time of treatment initiation, the symptoms did not reverse despite biotin supplementation, which is consistent with the literature [@bb0050], [@bb0055]. However, following the treatment no further progression of both optic complication and hearing complication was observed either, which means that since biotin was administered, hearing and sight status was stable without neither progression nor regression. This only supports the fact, that the prognosis for individuals diagnosed with BTD is good, provided that they are treated before symptoms occur. It is therefore justified to add BTD activity measurement to the panel of the national newborn screening programme.

Most patients from our population who were homozygous for p.Leu215Phe mutation presented with hearing loss and/or optic atrophy. It seems that this mutation is characteristic of North- Eastern region of Poland since 3 out of 4 patients diagnosed with this particular mutation originate from this part of our country. These individuals claimed no consanguinity. Our observations are consistent with the data published so far [@bb0060], [@bb0065]. Alopecia, considered to be a typical feature of BTD, did not occur in all symptomatic patients from our study group, although was one of the symptoms in majority of them. Therefore, it is not an obligatory symptom to establish a diagnosis of BTD.

However, based on our experience and on the literature, presentation of BD is highly variable and cases of patients in whom biotin supplementation prevented neurological symptoms have been reported [@bb0045]. Therefore, it is very important to include BTD in the newborn screening programme.

5. Conclusion {#s0025}
=============

Our 20 years follow-up has proved that in 7 symptomatic patients supplementation with oral biotin alleviates most of clinical symptoms of BTD in symptomatic patients, but does not reverse neither optic nerve atrophy nor hearing loss.

Introduction of biotin treatment during presymptomatic stage of the disease prevents the occurrence of symptoms including optic atrophy.

Since the prognosis for individuals diagnosed with BTD is promising, provided they are treated before symptoms occur, it is recommended to add this BTD assessment to the national newborn screening programme.

Moreover, we have observed that homozygosity for the p.Leu215Phe mutation in *BTD* gene seems to be frequent in patients from the North-Eastern region of Poland and is connected with the hearing loss.

[^1]: Legend: L---loss, N---normal, S---symptomatic, P---presymptomatic.
